Background: While Poland, Hungary, and the Czech Republic have seen impressive gains in life expectancy in the 1990s, Romania has not. In contrast with the other countries, there has been very little research on the causes of the pattern of mortality seen in Romania. Objectives: To describe the trends in life expectancy at birth in Romania after the political transition in 1989 and to evaluate the contribution of deaths from different causes and different ages to these changes. Methods: Decomposition of life expectancy by age and cause of death using routine data on mortality for the years 1990, 1996, and 1998; comparison of death rates by age, sex, and cause of death. Results: Romania has experienced an overall decline of 1.71 years of life expectancy at birth from 1990 to 1996 in men and 0.54 years in women. The major contribution to this decline was an increase in mortality from cardiovascular diseases and diseases of the digestive system, in particular cirrhosis, among the middle aged and elderly. The recovery observed in 1998, of 1.12 years in men and 0.89 years in women, was mainly caused by a reduction in deaths from cardiovascular disease in the middle aged and elderly. Infant and early childhood mortality fell throughout the period but there was an increase of approximately 40% in mortality at age 5-9 that was almost entirely attributable to AIDS. Conclusion: This is the first Romanian study that describes the evolution of life expectancy after transition. Romania may at last be beginning to follow the path of improving adult mortality seen in the early 1990s in some of its neighbours. It has, however, been unique in eastern Europe in experiencing increasing childhood mortality. This is attributable to an epidemic of paediatric AIDS, consequent on the tragically inappropriate policies adopted in the 1980s.
T he countries of Central and Eastern European have experienced very different changes in life expectancy since the transition to democracy. Poland, East Germany, Slovakia, and the Czech Republic experienced a marked improvement after 1990. Hungary also experienced an improvement, although it was delayed until 1993. The countries of the former Soviet Union experienced a rapid decline after the late 1980s, before improving after 1994. Finally, in Romania and Bulgaria, life expectancy declined in the late 1980s and early 1990s, only beginning to improve slightly after 1996.
Previous work has looked at some of these changes, in both the late 1980s 1 and early 1990s. [2] [3] [4] [5] [6] This work has, however, been limited to a small number of countries. This is the first study to focus on Romania in the 1990s. It examines trends of life expectancy at birth since the political transition, looking in detail at the contribution to overall life expectancy of specific causes of death among men and women at different ages.
METHODS
Initial exploration of trends was undertaken using the World Health Organisation's Health for All database. 7 This confirmed a broadly downward trend in life expectancy at birth between the first post-revolution year, 1990, and 1996, after which an improvement began. Although life expectancy at birth in Romania reached its highest value in 1991, the standardised death rates for men and women were higher in 1990 (the difference being attributable to the distribution of deaths by age), and as 1990 was the first year after transition, for the purpose of this analysis we chose the year 1990 as baseline. Subsequent analyses used population and mortality data from the WHO mortality files for Romania to look at the periods of decline and recovery, comparing 1990, 1996, and 1998. 8 The data files contain population and deaths as classified by the International Classification of Disease (ICD-9), by sex and five years age band (with infant deaths listed separately). Causes of death were aggregated into eight major groups: infectious diseases, malignant neoplasms, disease of circulatory system, diseases of respiratory system, diseases of digestive system, external causes and other causes. Age standardised death rates were calculated by the direct method, using the European Standard Population. 9 Chiang's method for constructing life tables was used to calculate life expectancy at birth in each year. 10 This gives slightly different results to those in the World Health Organisation's Health for All database, which uses a different method (Wiesler's method) (Remis Prokhorskas, personal communication). Differences in life expectancy observed between 1990 to 1996, and 1996 to 1998 were decomposed by age, sex, and cause of death, based on the approach by Arriaga. 11 This method allows us to examine the contribution of each cause of death and age group to the overall difference in life expectancy.
RESULTS
Trends in life expectancy at birth in Romania in the past three decades are shown in figure 1. After an improvement of about two years in the early 1970s there was a period of stagnation until the mid-1980s. In the late 1980s, however, there was a slight increase in life expectancy at birth, reaching its highest point in 1991 at 66.9 years for men and 73.4 years for women. This was followed by a steady decline until 1996, after which a slight improvement began. By 1998, however, it had still not reached the level in 1991. The decline in overall life expectancy in Romania between 1990 and 1996 was mainly attributable to increased mortality in men, as female life expectancy at birth remained relatively stable, at around 73.3 years. Consequently the male:female gap also increased, from 6.5 years in 1990 to 7.7 years in 1996, falling to 7.5 years in 1998.
Changes in death rates
The changes in death rates were not the same at all ages. Figure  2 shows the ratio of death rates in each age group in 1996 and 1998, relative to that in 1990. The death rate among those aged 5-9 increased by 40% between 1990 and 1996 and remained at about this level through 1998. In contrast, there was a substantial and persistent fall in deaths among younger children. The second age group to experience an increase in mortality was those over 40. In men and women aged 40-44 years, in whom the increase was greatest, there were increases of 41% and 17% respectively. By 1998, death rates in this age group had fallen slightly, with a return to the 1990 level among women.
A full understanding of the changes requires examination of how different causes of death have changed in this period. Table  1 shows the standardised death rates for major categories of causes of death in 1990, 1996, and 1998, as well as the ratio of death rates in 1996 and 1998 to those in 1990. There was a 15% increase in the all cause age standardised death rate for men in 1996 compared with 1990; for women the corresponding figure was 7%. Among men, the greatest increase was in deaths due to diseases of the digestive system, which were still 39% higher in 1998. The age standardised death rate from infectious and parasitic diseases also increased substantially in the first period, by 35%, but the overall increase by 1998 had fallen to 20%. Other causes showing increases included deaths from diseases of the circulatory system and cancer. In contrast, death rates from respiratory diseases declined by about one third and from external causes by about 10%.
Contribution of different causes of death to changes in life expectancy
The following section brings these findings together to assess the contribution of deaths at different ages and from different causes to the changes observed in life expectancy in 1996 and 1998 relative to 1990. Figure 3 shows the breakdown of causes and age at death to the overall change between 1990 and 1996 while figure 4 shows the same information for the period 1996 to 1998. The sum of values, negative and positive, represents the gap in life expectancy at birth in years. Bars extending group.bmj.com on June 8, 2017 -Published by http://jech.bmj.com/ Downloaded from below the horizontal axis indicate that deaths in the age group and from the causes concerned contributed to a lowering of life expectancy, while those extending above the horizontal access contributed to an improvement.
Men experienced an overall decline of 1.71 years in life expectancy in 1996 compared with 1990. The largest contribution to this decrease was deaths in the 55-59 age group, at 0.30 years, followed by the age group 40-44, contributing 0.27 years. After the age of 40, the major contributor to the decline were diseases of the circulatory system. These were closely followed by diseases of the digestive system. Had there not been a marked reduction in deaths in infancy and early childhood, the overall fall in life expectancy would have been considerably greater.
The increase in mortality in the 5-9 years age group can be seen to be attributable to "other" causes and to diseases of the (table  2) . Thus, between 1990 and 1998, deaths per 100 000 among 5-9 year olds increased by 24.9 for boys and 18.8 for girls. To identify deaths from AIDS it is necessary to be aware that, until 1996, they were coded as "other endocrine and metabolic disorders" while, after 1996, they were coded as AIDS. Increases in deaths in these two categories were greater than the overall increase in mortality in this age group, indicating that there was actually a decrease in deaths from other causes. Of course it is also possible that other AIDS related deaths were given other codes, such as respiratory disorders, but it is not possible to identify them from routine data. The recovery between 1996 and 1998, of 1.12 years of life expectancy in men, was mainly attributable to a decline in deaths from circulatory diseases in those over 40, who contributed 31%. However, the continuing improvement in infant mortality due to respiratory diseases also made a substantial contribution, of 8%.
Among women, the decline of 0.43 years between 1990 and 1996 was caused substantially by an increase in mortality from diseases of the circulatory system among the elderly, with 0.22 years of life expectancy lost among women aged 55 to 74. The recovery in life expectancy after 1996 was due largely to reduction in mortality from circulatory diseases in the elderly, as well as a reduction in infant deaths from respiratory diseases, at about 21% and 13% respectively. However, for those aged over 75, data on cause of death should be interpreted with caution. 
DISCUSSION

Data quality
Before discussing the implications of this study it is necessary to explore some of its limitations. One major limitation is related to variation in death registration and certification procedures. In Romania the formal position is that all deaths must be registered, after certification by a physician. 12 Necropsies are required for all accidental and sudden deaths and deaths occurring in hospital, with some exceptions, specified by law. 13 However, it is estimated that 95% of deaths are medically certified and a necropsy is performed in only 7% of all deaths.
14 In some rural areas, which have insufficient coverage by physicians, some death certificates are completed by nurses.
As in all countries in eastern Europe, it is necessary to consider whether migration may have played a part in observed changes, as estimates of the population denominator may not have kept pace with the true scale of movement. In 1990, there was a large net external migration, estimated to be 96 900 people out of a total of 23.2 million, or 0.4% of the population, which had fallen to 19 500 in 1996. 15 If the scale of emigration was inadequately captured then, by inflating the true population denominator, the increase in mortality in the early 1990s would actually be slightly underestimated. Unlike some other eastern European countries, in Romania there has not been any change in the definition of a live birth and is therefore unlikely to have had an impact on observed changes in mortality. 14 
Why was Romania different?
As noted earlier, the evolution in life expectancy in Romania after the transition was different from that in some of its neighbours. The overall level of mortality in a population reflects a complex interplay of factors, ranging from underlying economic and political circumstances to more proximal risk factors, such as lifestyle related determinants of health.
The economic situation has emerged as an important factor in the post-transition evolution of mortality in this region. [16] [17] [18] [19] At one level this may help to explain why some Central European countries, such as the Czech Republic, Poland, and Hungary, which experienced a rapid increase in economic growth in the early 1990s, also saw an improvement in life expectancy, while Romania and Bulgaria, where the economies have stagnated, have not.
Turning to more immediate causes of death, it is necessary to consider the reasons for the large post-transition improvements seen in some other countries but not Romania. Clearly, exposure to many potential risk factors has changed, but for some the effects will only be apparent after many years. Thus, changes in smoking rates are unlikely to play a part in changing mortality in such a short time period, 20 although the increases in smoking among young women in this region will obviously have a major impact in subsequent decades, and it is a matter of concern that smoking rates among Romanian physicians is so high (50% in men and 39% in women). 21 Instead it is necessary to look at those risk factors for which changes have an impact on mortality in the short term. Falls in cardiovascular disease in Poland 22 and the Czech Republic 23 have been attributed to rapid changes in diet, both in relation to types of fat but, probably more importantly, in fruit and vegetable consumption. The latter is consistent with the emerging body of evidence on the importance of dietary antioxidants in the high levels of cardiovascular disease in Eastern Europe. 24 Although precise dietary information is unavailable, food balance data do indicate a decline in availability from the early 1980s until 1992, after which there was a small increase, with levels remaining stable to 1998. However food balance data, which capture the net effect of imports and exports, provide a very poor measure of actual dietary availability as they exclude factors such as wastage and home production. Other evidence from industry documents confirms that the transformation of the retail food sector that has been seen in countries such as the Czech Republic was much delayed in Romania. 25 It does, however, seem plausible on the basis of experience in neighbouring countries that have been examined in more detail, that changes in diet may have played a part in the post-1996 improvement in deaths of the circulatory system. The immediate reasons for the deterioration between 1990 and 1996 may also have a dietary explanation but this is rather more speculative.
A second risk factor that can act over short periods is alcohol. Unfortunately, well validated data on consumption are also unavailable but a 60% increase in the death rate among men from chronic liver disease and cirrhosis between 1990 and 1996 is clear evidence that this has played a major part. This condition is the principal cause of the large increase in deaths from diseases of the digestive system, with death rates from chronic liver disease and cirrhosis increasing by 61% among men and 45% among women between 1990 and 1996. This trend is particularly important as Romanian men have one of the highest death rates from cirrhosis in Europe, exceeded only by their neighbours in Hungary and Moldova. 7 The reasons for the very high death rates in these countries, which also includes Slovenia, remain speculative. Current research is, however, exploring the role of a particular pattern of drinking in these countries, entailing heavy consumers drinking grape based products throughout most days rather than the pattern of grain based spirits drunk in binges as seen in Russia, and which leads to deaths from injuries and heart disease. 26 One factor, HIV infection, has behaved in a very specific way in Romania. As we have shown, the increase in deaths among those aged 5-9 is almost entirely attributable to AIDS. In the late 1980s, over 100 000 children were living in so called "orphanages" in Romania.
15 "Micro-transfusions" of blood were commonly administered as treatment for anaemia or malnutrition, in many cases leading to HIV infection. Further infections arose from inadequate sterilisation of needles and syringes. 27 It is probable that the death rate will fall because of the combined effect of cessation of micro-transfusions in the early 1990s and the introduction of antiviral therapy in the late 1990s. 28 However, the pool of HIV positive people clearly represents a hazard in the future.
Finally, there is emerging evidence that differences in the quality of health care played a part in the east-west divide in health in the 1980s. 1 There is now evidence from both the Czech Republic 29 and the former German Democratic Republic 30 that improvements in perinatal care contributed to the improvement in infant mortality seen after 1990. As we note, infant mortality has declined in Romania in the 1990s, from 26.9/1000 live births in 1990 to 20.5 in 1998 and contributed significantly to the overall change in life expectancy, but this is much less than the 50% decrease seen in the Czech Republic. 7 It is plausible that improved clinical facilities and, in
Key points
• While life expectancy in Poland, Hungary and the Czech Republic improved in the early 1990s, it deteriorated in Romania, only beginning to improve after 1996.
• The decline was attributable largely to increasing adult mortality, especially from cardiovascular diseases and diseases of the digestive system. • The post-1996 improvement was attributable largely to a reversal of these trends.
• Romania was unique in eastern Europe in experiencing increasing child mortality after the transition.
• This was attributable almost entirely to an epidemic of paediatric AIDS, caused by a particular set of health care policies pursued in the 1980s.
particular, access to a wider range of pharmaceuticals and new ways of working may have contributed in part to the improvement that did occur among this age group. A considerable fall in the birth rate, of about 35% between 1989 and 1996 may also have had some impact in terms of better access to intensive care facilities, similar to the Czech Republic. 29 This study is a first attempt to understand why the Romanian population has not enjoyed the gains in health experienced by several of their former communist neighbours. It provides some explanations but clearly more work is needed. It is unfortunate the health needs of this country have received so little attention from researchers. While Romania has been the recipient of very large amounts of international development aid, the agencies involved have not taken time to ask why health has not improved and what might be done to change it.
It is probable that continuing economic growth will contribute to a progressive improvement in health in Romania but this will not be enough. It is obvious that much more work is needed to ascertain exactly what now needs to be done to develop an effective health policy for Romania. In particular, there is an urgent need to assess current patterns of health related behaviour, health beliefs, and levels of major risk factors. These can then be used to design and implement evidence based policies.
